An indirect immunofluorescence (IFA) test with a 96-well, flat-bottomed microplate was developed to detect avian pneumovirus (APV) antigen in Vero cell cultures. Samples of nasal turbinates and swabs from infraorbital sinuses and trachea were collected from 4-week-old poults experimentally inoculated with APV. The APV titers by tissue culture IFA staining were compared with that of visual reading of cytopathic effect (CPE). The ability of IFA staining to detect APV antigen correlated well with visualizing CPE. The use of IFA staining of Vero cell cultures allowed detection of APV in substantially less time than the use of visualizing CPE. In addition, the use of IFA allowed specific identification of the virus in cell culture.
In 1996, a respiratory disease of turkeys appeared in Colorado and an avian pneumovirus (APV) was subsequently isolated at the National Veterinary Services Laboratory (Ames, IA). 5 Early in 1997, APV was detected serologically in turkeys in Minnesota. The disease spread rapidly among susceptible flocks. The infection caused high morbidity (50-100%) in all ages. Mortality rates up to 30% occurred in flocks with concurrent bacterial infections. Clinical signs of the disease consisted of coughing, nasal and ocular discharge, and swelling of the infraorbital sinuses. Some flocks had high rates of condemnation at slaughter due to airsaculitis.
Currently, APV infection is diagnosed by the detection of antibodies in serum using enzyme-linked immunosorbent assay (ELISA) 1 or by detection of virus in respiratory tissues using reverse transcriptase-polymerase chain reaction (RT-PCR), 7 immunohistochemical staining of tissues, 4 and virus isolation (VI).
The purpose of this work was to develop an indirect immunofluorescence antibody test for rapid detection of APV antigen in Vero cell culture.
Avian pneumovirus originally isolated from the nasal turbinates of 11-week-old tom turkeys with respiratory disease (APV/Minnesota/turkey/2a/97) 2 was used in the study. The stock virus used as inoculum for turkeys was prepared as described previously, 3 and the titer of the inoculum was 10 6.3 TCID 50 /ml, as determined by the method described. 6 The APV antigen for producing hyperimmune serum was prepared from cell-culture fluid containing the virus. Briefly, the cell-culture fluid was partially clarified by centrifugation at 3,000 ϫ g for 30 minutes in a swinging bucket rotor. a The supernatant was collected and subjected to ultracentrifugation b at 75,000 ϫ g for 60 minutes. The pellet was suspended in 2 ml PBS and inactivated with 0.1% formalin for 30 minutes. Anti-APV hyperimmune serum was produced in 8-week-old turkey poults maintained at the University of Minnesota known to be serologically negative for APV infection and other known avian pathogens. The optimum dilution of turkey anti-APV hyperimmune sera and fluorescein-labeled goat antiturkey IgG conjugate c was determined by a checkerboard titration.
Twenty 4-week-old turkey poults were inoculated with 50 l of the virus inoculum prepared earlier in each conjunctival space and nostril, for a total of 200 l. A group of 10 poults was inoculated with noninfected cell-culture fluid, and they served as sham-inoculated controls. Four inoculated poults and 2 controls were euthanized with sodium pentobarbital d on days 2, 4, 6, and 10 postinoculation. The nasal turbinates from the euthanized birds were aseptically removed, pooled, and processed under a laminar flow hood. The tissues were minced with sterile scissors and placed into sterile bags containing 5 ml of veal infusion broth (VIB). e The mixture was homogenized in a blender, and then the homogenate was centrifuged at 3,000 ϫ g for 10 minutes. The supernatant was collected and processed for VI.
Infraorbital sinus and tracheal swabs were taken from each bird and placed in tubes containing 1 ml of VIB with 100 units of penicillin G, 100 mg of streptomycin, and 0.25 mg of amphotericin B. Five hundred microliters of VIB was drawn from each tube containing infraorbital sinus swab and broth. These aliquots were pooled and processed for VI within 24 hours of collection.
Tracheal pools were created in a similar manner. Isolation of avian pneumovirus from tissue homogenates of nasal turbinates and swabs from infraorbital sinuses and tracheas was attempted in Vero cell cultures as described. 3 The Vero cell cultures were monitored for the appearance of cytopathic effect (CPE). If CPE was not observed even after 5 blind passages, the sample was considered negative.
Indirect immunofluorescence assay (IFA) was done on-Vero cell monolayers in 96-well, flat-bottomed microtiter plates. f Briefly, Vero cell monolayers were inoculated with 50 l/well of suspensions of each Vero cell passage of tissue homogenates from nasal turbinate and swabs from infraorbital sinuses and tracheas. The Vero cell-inoculated plates were incubated at 37 C for 24 hours, and the cells were fixed by first aspirating the contents of the wells and then adding 75 l/well of 100% cold ethanol. The plates were then stored at Ϫ20 C until stained using IFA assay. A known APVpositive sample was included in each plate as a positive control. For assay, the plates were allowed to attain room temperature, the contents were aspirated, and the plates were air dried. The wells were then washed 3 times in FA buffered saline (DBS), e pH 7.2, with 0.05% Tween 20 e and blotted dry. The wells were filled with 50 l/well of turkey anti-APV hyperimmune sera (1:320 dilution in DBS). The plates were then washed after incubation at 37 C for 45 minutes and blotted dry. The fluorescein-labeled goat antiturkey IgG conjugate c was diluted (1:150 dilution in DBS), and 50 l/ well of the fluorescein-labeled goat antiturkey IgG conjugate was added to each well. The plates were covered and incubated at 37 C for 30 minutes. After incubation, the plates were washed as above and stained with 0.01% Evan Blue for 1 minute and washed with distilled water. The plates were inverted and examined using a fluorescent microscope g equipped with a Xenon lamp and filter sets XF23 and XF34.
The correlation titer at different time periods between IFA and visualization of CPE was determined in Vero cell culture. Briefly, monolayers of Vero cells in 4 flasks were inoculated with APV. At 24, 48, 72, and 96 hours postinoculation (PI), cell culture was harvested, frozen, thawed, and centrifuged at 3,000 ϫ g for 10 minutes. The supernatant was collected and serially diluted for determination of virus titer in duplicate in 96-well, flat-bottomed microtiter plates. One set was examined for visualization of CPE and the other set was examined for appearance of APV-specific fluorescence. For visualization of CPE, Vero cell monolayers inoculated with cell-culture supernatant were fixed on day 3 PI. Plates were fixed by first aspirating the contents of the wells and then adding 75 l/well of cold acetone/methanol (50/50) for 3-5 minutes. The fixative was removed and the plate was allowed to air dry. The fixed plate was stained with Harris modified hematoxylin, h washed with tap water, allowed to air dry, and then observed under an inverted light microscope for CPE. Pyknotic nuclei that aggregated linearly, forming a network in the monolayer, were considered positive for the presence of virus. For viral fluorescence, Vero cell monolayers inoculated with cell-culture supernatant were fixed on day 3 PI for APV-specific fluorescence using the IFA method described above. The TCID 50 /ml was calculated for both sets of plates. 6 The results showed cytopathic effect (CPE) in Vero cells from preparations of the nasal turbinate tissues and swabs from infraorbital sinus and trachea collected between 2 and 10 days PI ( Table 1 ). The CPE was characterized by formation of syncytia with foci of nuclei arranged in a typical pattern (Fig. 1) . Cytopathic effect was observed at 48-72 hours in the fourth or fifth passages from these sites. No CPE was observed in samples from sham-inoculated control birds. Avian pneumovirus antigen was detected in Vero cell cultures by using IFA in the preparations of the nasal turbinates and infraorbital sinus and tracheal swabs collected between 2 and 10 days PI ( Table 1 ). The presence of the virus was indicated by light-green fluorescence that imparted a granular appearance to the cytoplasm of cells containing avian pneumovirus (Fig. 2) . The light-green fluorescence was always cytoplasmic without nuclear involvement. Viral antigen was detected in the first or second cell-culture passage. No viral antigen was detected using IFA in samples from sham-inoculated control birds. The correlation titer between IFA and visualization of CPE in APV-infected Vero cells was chronologically examined at 24, 48, 72, and 96 hours PI (Table 2 ). From the data of this experiment, it can be seen that viral fluorescence was detected 24 hours earlier than visualizing CPE in tissue culture. The virus titer was determined to be 10 5.5 TCID 50 /ml by IFA compared with the absence of viral CPE at 24 hours PI. The titers with IFA staining and those determined by visualization of CPE were almost the same at 72 hours PI. At 24 hours PI, the infected Vero cells showed specific fluorescence and were scattered. The use of IFA of Vero cell cultures inoculated with nasal turbinate tissue homogenates or swabs of infraorbital sinus or trachea was found to be very effective compared with visualization of CPE. Indirect immunofluorescence staining allowed detection of APV sooner than relying on visualization of CPE in Vero cell cultures. Visualization of CPE may require 4 or 5 passages before evidence of the virus is detected, whereas the virus could be detected in cell culture as soon as the first or second passage using IFA. In addition, the use of IFA provided specific identification of the virus in cell cultures whereas the visualization of CPE may not be specific. The specificity of the IFA test is independent of cellular changes caused by viral replication. In 24 hours after APV inoculation into tissue culture, the virus was assumed to have penetrated the cells and probably to have multiplied but had not yet induced cellular changes to the point of CPE. It was also observed that CPE did not proceed in parallel with the increase in viral titer. Visualization of CPE required 72 hours to identify the highest titer, whereas the presence of APV was detected at 24 hours PI using IFA staining.
On the basis of these results, it is concluded that the micro-IFA test is sensitive, specific, and can be used to detect viable virus more rapidly than the methods currently employed. The test may be useful in diagnosis of APV infection, particularly when large numbers of samples are to be tested and for the titration of virus infectivity. Abstract. During a 12-month period (1998) (1999) , microscopic evidence of neuroaxonal dystrophy (NAD) in medullae oblongata of raccoons (Procyon lotor) was observed in 17/39 (47% prevalence in adults) from Iowa, USA. Three of the animals were kits (Ͻ3 months), 26 were between 1 and 2 years, and 10 were over 7 years. Lesions were not seen in the medullae of the 3 kits. In young adults, the lesions were mild and were seen in 7 animals. More severe lesions were present in the 10 older raccoons. Grossly, the brains were unremarkable. Microscopically, NAD was confined to the dorsal caudal medulla, where certain nuclei (predominantly gracilis and cuneate) were bilaterally affected. Severely affected animals had vacuolar degeneration of neurons or neuronal loss and extensive areas of spongiosis. Tests for the presence of PrP res in the brain were negative. Spongiotic areas often contained axonal spheroids. Degenerate neurons and axons occasionally contained amphophilic periodic acid-Schiff-positive granular material. There was a paucity of inflammatory cells in the affected areas. Since lesions were not present in kits, were either absent or mild in young adults, and were severe in older raccoons, the findings may be related to advancing age. Neuroaxonal dystrophy has not been previously reported in raccoons. Retrospective examination of raccoon brains from the eastern and northwestern areas of the country revealed very low prevalence of NAD. Because of the apparently high prevalence of this condition at this geographic location, factors other than age (genetic, nutritional, and/or environmental) may influence this degenerative process in the brains of raccoons in Iowa.
Raccoons (Procyon lotor) are found throughout North America and in some parts of Europe and Asia where they were introduced in the early 1900s from the United States. 1 They are highly adaptable omnivores and have managed to survive and increase their numbers in many urban and suburban areas. Since raccoons share environments with humans, they have been used as monitors of zoonotic diseases and environmental contamination. 4, 10 Neuroaxonal dystrophy (NAD) is a degenerative disorder of the central nervous system (CNS). The characteristic findings of NAD are disseminated axonal swellings (spheroids) in terminal and preterminal areas of long axons. 13, 20 Although affected animals generally show gait abnormalities, many cases of NAD with severely affected gracilis and cuneate nuclei did not have any significantly abnormal clinical signs. 13 Mention of trade names or commercial products in this article is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the US Department of Agriculture.
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has been described in cats, 20 dogs, 7,17 sheep, 8,12 and horses. 2, 15 Such degenerative lesions have not been documented in raccoons. This communication describes the lesions of NAD and its prevalence in a population of raccoons in Iowa, USA. During a 12-month period (September 1998-August 1999), a total of 39 raccoons (19 females and 20 males) from central Iowa were obtained from wildlife authorities (n ϭ 29) and from a local breeder (n ϭ 10). The latter raccoons were older breeding animals (Ͼ7 years) that originated either from the wild from Iowa or were the progeny of parents obtained from the same geographical location. In this older group of raccoons, some had unilateral or bilateral cataracts. The animals obtained from the wildlife authorities were nuisance animals and, except for 3 kits (Ͻ3 months), all were young adults (estimated by dental examination to be 1-2 years old). These raccoons were live-trapped and submitted to the National Animal Disease Center (NADC), Ames, Iowa, for necropsy. Complete postmortem examination was performed and representative tissue samples of all major organs, including the entire brain, were immersion fixed in 10% neutral buffered formalin.
The fixed brains were cut into 3-4-mm-wide coronal sections, and 5 sections (1 each of cerebrum, cerebellum, and caudal medulla and 2 sections of brain stem) were selected. For the purpose of this report, lesions confined to the caudal
